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Abstract 
Controlled reaction conditions in simple, template-free hydrothermal processes yield pure tetragonal zircon-type I41/amd Tm-
GdVO4 nanocrystals with well-defined specific morphologies and sizes. Nitrate reagents under mild conditions (180 ºC, pH=7, 
autogenous pressure) produce from square, hexagon and lozenge nanocrystals with sides starting in 20 nm, to porous spindles, 
nanotubes, nanorods and nanobelts depending of the reaction times. They exhibit photoluminescence in ~1.95 μm similar to bulk 
single crystals. For the lowest Tm3+ concentration (0.2 % mol) in GdVO4 measured 3H4 and 3F4 fluorescence lifetimes W are very 
near to their radiative values, Wrad.
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1. Introduction   
Nanocrystalline materials based on optically active trivalent lanthanides (RE) are systems in which the properties 
derived from the specific features of the 4f electronic transitions can be highly modified via shape and 
dimensionality effects. Given the localized nature of 4f orbitals, changes in the local environment around RE centers 
induced by the size reduction rather than to modify the energy levels of 4fN states would influence the dynamics of f-
f luminescence transitions, and thus emission lifetimes, luminescence efficiency and concentration quenching result 
substantially affected [1]. Besides, enhanced or even novel up-conversion fluorescence properties with regards to 
bulk counterparts have been also found in RE-doped nanoparticles [2]. In this way, nanostructures of RE compounds 
would offer the possibility of acting as highly functionalized materials in nanoscale electronics, photonics and 
ultrasensitive bioanalysis. The evaluation of the optical response of RE embedded in nanocrystalline hosts, whose 
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bulk counterparts are already well characterized, seems to be a rational approach to enable the development of such 
novel devices.  
From this point of view, our interest is focused in tetragonal zircon-type I41/amd GdVO4, a very attractive solid 
state laser host able to incorporate Tm3+, with considerably stronger and broader absorption cross sections than that 
in YAG, and comparable thermal conductivities [3,4], thus replacing this latter in some applications [5]. Tm3+ has
several laser channels from the blue to the mid-infrared, but the one that attracts more attention is 3F4o3H6 operating
at ~1.85-2.05 Pm, due to the wide range of applications related to its eye-safe nature. Tm3+ has efficient absorption 
at ~ 800 nm through the 3H6o3H4 electronic transition, which makes possible its pumping with AlGaAs diode 
power lasers at ~ 795-805 nm, and then the 3H4 de-excitation proceeds through intermediate 3H5 and 3F4 multiplets, 
being 3F4 further populated by the cooperative cross-relaxation process 3H4 + 3H6o2u 3F4, which is very efficient if 
the Tm-Tm distance is short enough. Therefore, in the indicated spectral range Tm3+-based solid-state lasers are 
currently replacing traditionally used counterpart Ho3+-doped crystals. Further, Tm3+ electronic transitions are 
broader than those of Ho3+, which favors tunability of the cw emission as well as ultrashort (fs) pulsed laser 
operation.  
Addressing the fabrication of photonic nanodevices, this work presents results on soft, surfactant template-free 
hydrothermal routes yielding nanocrystalline Tm-doped GdVO4. These procedures involve homogeneous 
nucleation, well-defined compositions and dimensionally-controlled morphologies, aspects that have been 
demonstrated to be crucial for high luminescence performance [6], and the required short reaction times constitute 
an additional advantage for medium and high scale productions. The photoluminescence and emission lifetime of 
3H4 and 3F4 multiplets involved in the emissions of interest for infrared lasers have been measured and analyzed in a 
wide range of Tm3+ concentrations, for some selected hydrothermal preparations. 
2. Experimental details 
The hydrothermal (HT) preparation of Gd1-xTmxVO4, 0.05 t x t 0.002 (5% mol to 0.2% mol Tm3+) consists in 
the dissolution in distilled water of the corresponding stoichiometric molar amounts of RE (Gd, Tm) nitrates or 
chlorides. The resulting white suspension of amorphous particles was stirred continuously for 10 min, the pH 
adjusted to values from 4 to 12, and subsequently heated to 180 ºC in Teflon-lined autoclaves of 75 ml capacity 
during reaction times from 2½ h to 1 day. The product obtained in each HT reaction was separated by centrifugation 
and washed with distilled water for several times, dried and then annealed at 600 ºC during 5 hours.
The phase purity and crystallinity of HT products were analyzed by X-ray diffraction (XRD) in a Bruker AXS D-
8 Advance diffractometer, using Cu KD radiation. Transmission electron microscopy (TEM) images were recorded 
with a JEOL 2000FXII microscope with accelerating voltage of 200 kV.  
For spectroscopic analyses HT nanocrystals (NCs) were dispersed in ethylene glycol (EG), which is transparent 
to the infrared fluorescence of Tm3+. Tm3+ fluorescence was excited at room temperature with a Quanta-Ray MOPO-
HF system. This tunable laser provides pulses shorter than 5 ns from 730 to 1750 nm. The fluorescence was 
dispersed by a single grating SPEX spectrometer (f = 34 cm) and measured by a Hamamatsu InP/InGaAs cooled (-
60ºC) photomultiplier, model H9170-75, or by an InAs Hamamatsu photovoltaic detector cooled to liquid nitrogen. 
The electrical signals were recorded either with a lock-in amplifier for emission and excitation spectra or with a 500 
MHz Tektronix oscilloscope, model TDS-520, for lifetime measurements.  
3. Results
Pure tetragonal I41/amd Gd1-xTmxVO4 compositions have been obtained for all controlled pH conditions, using 
chloride or nitrate reagents. Figure 1shows XRD patterns of HT Gd0.95Tm0.05VO4 prepared from solutions at pH 4, 7 
and 10 using nitrate reagents. It can be observed an increase of the FWHM of Bragg peaks in prepared materials 
from acid to highly alkaline syntheses. The increase of the OH/Gd(Tm) ratio in the reaction medium produces a 
higher degree of adsorption of hydroxyl groups at the surface of the hydrothermal nanoparticles, i.e., a higher 
chelating effect on these latter, which hamper their agglomeration. Thus, Tm-GdVO4 nanoparticles with smaller 
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sizes will be prepared from alkaline media than from acid ones, which correlates with the above observed FWHM of 
corresponding XRD reflections.    
TEM analyses of HT Gd1-xTmxVO4 depict morphologies going from square, hexagon and lozenge nanocrystals 
with sizes starting in ~20 nm of side, to porous spindle-like, nanotubes, nanorods and nanobelts, each one derived 
from an specific combination of conditions (reagents, pH, reaction time) in the HT synthetic procedure. Figure 2 
collects several images of these morphologies.  
Figure 1. XRD patterns of Gd0.95Tm0.05VO4 obtained by HT synthesis at 180 ºC using Gd and Tm nitrates at a) pH 4; b) pH 7; c) 
pH 10. For comparison, the XRD pattern scheme of tetragonal I41/amd GdVO4, JCPDS File 86-0996 has been also included. 
Figure 2. TEM images of some different morphologies of tetragonal Gd0.95Tm0.05VO4 obtained by adjusting the conditions 
(reagents, pH and reaction time) of hydrothermal syntheses at 180 ºC. 
Current optical spectroscopic measurements for Gd1-xTmxVO4, 0.05 t x t 0.002 (5% mol to 0.2% mol Tm3+)
have been performed on morphologies yielded by using nitrates at pH=7. The room temperature 3H6ĺ3H4 optical 
absorption was in each case monitored through the excitation spectrum of the infrared fluorescence. Then, exciting 
at Oexc ~800 nm, i.e., close to the maximum of the 3H6ĺ3H4 absorption, the fluorescence bands associated to 
electronic transitions 3H4ĺ3F4 (O|1375 -1550 nm) and 3F4ĺ3H6 (O|1650-2000 nm) were collected. These optical 
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spectra were similar for all Tm3+ compositions tested. Optical transitions displayed splittings and bandshapes 
comparable to those reported for Tm3+-doped single crystals [4], indicating that in all cases the crystal site for Tm3+
in kept in HT nanocrystals. However, possible changes in the local structure around Tm3+ cannot be discarded since 
some broadening is observed in photoluminescence spectra.  
To better understand the differences between NCs and single crystals, we analyze the dynamics of infrared Tm3+
emissions in HT Tm-GdVO4 NCs.  
The NC photoluminescence dynamics have been analyzed considering two exponential decays. The shortest one 
would correspond to the emission of Tm3+ ions at the surface of NCs and the longest one to Tm3+ ions in the body of 
NCs, which in principle should approach to the obtained value in Tm-GdVO4 single crystals. The long lived 
lifetime, W, was first evaluated from the tail of the Ln(I/I0) vs time plot. Later we fitted the intensity decay, I(t), to a 
curve I(t)=I1e-t/W1+I2e-t/W2, with I1+I2=1. From such procedure obtained 3H4 long lived W2 values steadily increase for 
lower Tm3+ concentrations, and also a slight lengthening effect is observed for HT prepared with longer reaction 
times. Thus, for 24 h-samples, W2 vary from 35 μs (5% mol Tm3+) to 154 μs (0.2 % mol Tm3+). The latter value, in a 
sample for which Tm-Tm interaction can be considered negligible, is ~ 90% of reported Wrad=174 μs for Tm-GdVO4
[4]. 
Analogous analyses of 3F4 PL indicate, in general, two-regime decays for the higher Tm3+ concentrated samples, 
while the lower ones show mostly single exponential behavior and considerably higher W values, see Figure 3 for 6 h 
HT Tm-GdVO4 samples. Further, W lengthening for samples prepared with longer time reactions and for lower 
concentration is also observed: for a 24 h, 0.2% Tm3+ W = 1220 μs has been obtained, similar to that obtained in 
single crystals [4]. 
Figure 3. RT 3F4 (Oexc= 800 nm) fluorescence decay in HT Gd1-xTmxO4 NCs prepared using nitrates as reagents at pH=7 during 6 
h. OEXC= 800 nm OEMI=1816 nm. 
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